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(57) A method is described for the safe automatic 
restart of optica} transmitters (TX1 , TX2) En a fiber optic 
telecommunication systom. The method comprises the 
steps of monitoring tho status of tho system connections 
through an out-of-band signaling channel, in particular 



an Optical Supervisory Channel (OSC), through the 
transmission and the reception of signals (S1, S2) and 
restoring the optical transmitters only after having re- 
ceived tho confirmation (SI) that the transmisefve opti- 
cal medium does not oxhfbit breaks. 
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Description 

[0001 J The present invention relates to tho field of fib- 
er optic telecommunication systems. In particular It con- 
cems the automatic restart for Instance upon trie re- 
store of a fault of optical transmitters In floor optic tele- 
communication systems. 

[0002] In fiber optfc telecommunication systems, In 
the case of a fault of one equipment or a break in a fiber 
span, the present regulations provide for an Automatic 
Laser Shutdown (ALS) or art optical amplifier Automatic 
Power Reduction (APR) procodure for safety reasons. 
Analogously, procedures are provided forthe automatic 
restart of the optical transmitters and of the optical am- 
plifiers once tho breakdown has been repaired. 
[0003] Depending on whether the optical transport 
system is in controlled, unrestricted, restricted, etc, lo- 
cations, the Standards provide for assuring optically 
safe world ng conditions and therefore for observing spe- 
cial Hazard Levels. As clearly defined in tho Standard 
CEI EN 60825-2, September 1 995, the "Hazard Level" 
is the potential hazard at any accessible placo inside a 
ffeor optic telecommunication system and It Is based on 
the optical radiation level that could become accessible 
In reasonably predictable circumstances, for instance a 
fiber cable break. 

[00O4J Thus, on tho basis of the above definition, a 
system can bo considered as a Class 1 laser product 
when it Is intrinsically safe both under normal operating 
conditions, whon the optical radiations are completely 
shielded and no light is released outside tho shield, and 
under broken fiber or optical connector disconnection 
conditions. Just to give another example, an Hazard 
Levol 3A is requested to the optical Interfaces of an op- 
tical transport network for equipments operating In re- 
stricted and controlled locations, 
[0005J In systems having an operating power h\ the 
ffoer that exceeds the Hazard Level OA, an Automatic 
Power Reduction (APR) capability must be provided to 
reduce the operating power to a level which is below the 
safety level required for the case of restricted locations. 
In particular the use of APR techniques Is provided to 
attain a lower Hazard Level based on the automatic re- 
duction of the normal power level In the fiber and on the 
speed at which tho power automatic reduction occurs. 
Tho speed of power reduction required to attain a spe- 
cific hazard level can be determined from specific ta- 
bles. 

[0006] Just looking at these tables It Is possible to ar- 
gue that, forvery high optical power systems (S20 dBm), 
tho speed requested for the APR is very high (i.e. the 
power must be reduced swiftly). Naturally, this Is In con- 
trast with tho maximum response time of the optical am- 
plifiers and Emits the lowest value of the pulse duration 
in the restart phase. Moreover, in the best case, the APR 
procedure allows tho use ol tho optical system in re- 
stricted and controlled locations ortfy. 
[00071 The JTU-T Recommendation G664 indicates 



these basic requirements for tho APR procedures and 
the restart ones for single-channel or multichannel sys- 
tems In OTN (Optical Transport Network) applications 
and for equipments operating In restricted and controi- 
5 ted locations. Such recommendation is incorporated by 
reference herein. In practice, the APR techniques, after 
the powor reduction, must cause tho remaining power 
level, Including the power present In an optica) supervi- 
sion channel, to stay below a certain hazard level, which 
fo Is provided In CEI EN 80B25-2. 

[0008] At present, should a cable break occur at point 
A of Fig. 1 , the receiver RX2 will detect a Loss of Con- 
tinuity in Transmission Section (OTS) defect and this de- 
fect is used to reduce tho output powor of the transmitter 
'5 TX2, which is the adjacent optical source in the opposite 
direction. This operation In turn causes the receiver RX1 
to detect a defect and to reduce the output power of 
transmitter TX1. The reduction of power to Hazard Level 
3A (or to Hazard Level 1 ) for restricted locations (or for 
20 unrestricted locations) at alj the optical outputs within 
the OTS section must be carried out within throe sec- 
onds from the moment whon the continuity In tho OTS 
is interrupted. 

[0009] Once the connection in the OTS has been re- 
« paired, a (manual ar automatic) restart is necessary to 
restore the transmission which restart, anyway, must not 
occur before 100 seconds from tho time when the inter- 
ruption occurred or from tho fane when an unsuccessful 
restart action ceased. At any rate, during and after the 
so restart action until the connection is assured* the optical 
power Inside the OTS in question must not exceed the 
Hazard Level 3A (Hazard Level t) for restricted environ- 
ments (unrestricted environments). The allowed actual 
power level during the restart action depends on tho du- 
35 ration thereof. 

[0010] For high-power (=50 dBm) WDM systems the 
duration of tho restart section must not exceed 400 ms 
to guarantee the Hazard Level 3A and to allow the use 
of the system In restricted locations; this value is dose 
*o to the activation time necessary to restore the transmis- 
sion In the OTS. This means that, for a higher power (> 
20 d8m) system, the duration of tho restart action nec- 
essary to satisfy the Itmitlng Hazard Level is contrary to 
what Is required to restore the optical system. Moreover, 
because of tho "extended" nature of an optical system, 
the break point, whoro the optical power might bo re- 
leased during the restart procedure, could be at several 
kilometers from the optical transmitter and hence in an 
unrestricted, and accessible to whomsoever, location. 
50 In this case it should be necessary to guarantee the 
maximum safety by causing the transmitted powor not 
to exceed the Hazard Level 1. in this connection, com- 
plicated power-reduction techniques are a [so nocossary 
during the restart phase. 
« [0011] In view of the drawbacks pointed out above, ft 
Is the main object of tho present invention to provide a 
method for the safe automatic restart ot optical equip- 
ment in fiber optic telecommunication systems. This and 
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further objects are achieved by a method having thefea- 
tures set forth in the independent claim 1. Further ad- 
vantageous characteristJcs of the method are set forth 
In the dependent dafms. Ail these claims are considered 
an integral part of the present description. 
[0012] The basic idoa is to provide a procedure with 
an approach that guarantees optically eafo working con* 
ditions of Hazard Level 1 on the optical Interfaces of the 
OTN network equipment tn this way tt is possible to sat- 
isfy also the requirements for unrestricted locations thus 
solving the above problem. 

[001 3J in practice, the system is restored by giving 
power only after the optical connection has been re- 
stored, and the confirmation of restored connection is 
achieved by exploiting tho supervision channel. Onco 
the connection has been restored, the optical radiation 
is compfetely endosod and, therefore, the optical sys- 
tem is considered safe by definition, it is no longer nec- 
essary to provide for limitations In tho {restricted or un- 
restricted) zonos and the procedure according to the In- 
vention is independent of the power level, 
[0014] The invention will certainty result in being cloar 
in tho light of tho following detailed description, given by 
way of a mere non limiting example, to be read with ref- 
erence to the attached drawing sheets wherein: 

- Fig. 1 shows how a cable break at point A is cur- 
rently controlled, which break generates a loss of 
continuity; 

- Fig. 2 shows an Optical Transmission Section, in a 
froe-of-break condition, applied to which is the 
method according to the invention; 

* Fig, 3 shows how a simple (at one point only) cable 
break In an Optical Transmission Section Is control- 
led by means of the present invention; and 

- Fig. 4 shows how a dual breaks In and Optical 
Transmission Section is controlled by means of tho 
present invention. 

[001 S] The underlying idea of the present invention is 
to use an out-of-band signaling channel, preferably the 
Optical Supervisory Channel (OSC), for the transmis- 
sion of signals indicating a normal operation (free of 
faults) condition or a fault (that can beslmplo or multiple) 
condition. In the following description, for tho sake of - 
dcamess only, reference will solely be made to tho OSC 
channel without limiting the invention therefore but it be- 
ing understood to Include every possible out-of-band 
signaling channel, 

[0016] Referring at first to Fig. 2, under normal oper- 
ation condition each of the transmitters TX1 , TX2 sends, 
through the OptEcal Supervisory Channel (OSC), a sig- 
nal S1 that, along with tho main signal, indicates a con- 
tinuity condition to the corresponding receivers RX1 and 
RX2. 

[001 7] In the case where a single cable break (namely 
e break only at one point A, see Fig. 3) occurs, the con- 
sequent Loss of Continuity of OpticalTransmlssion Sec- 



tion (namefy loss of paytoad (main signal) and loss of 
OSC channel) aJarm is detected at the receiver RX2 
which no longer receives the signal S1 . This criterion is 
used to reduce the output power and to send, still 
through the OSC channel, a signal S2 from the trans- 
mitter TX2 (that is found to bo the adjacent laser source 
tn the opposite direction), which signal S2 replaces S1 , 
Tho detector RX1 rocelves the signal S2 and at the 
same ume becomes aware of tho loss of the main sfgnal 
and the loss of the signal S1 . The detection of signal S2 
by RX1 In turn causes the main output power of the 
transmitter TX1 to be reduced. In any caso, however, 
the transmitter TX1 goes on transmitting the sfgnal S1 
through tho Supervisory Channel 
[0018] Onco the connection in the OTS has been re- f 
stored, the Loss of Continuity of the Optical Transmis- 
sion Soction alarm Is eliminated at the receiver RX2; 
RX2 recoives the signal S1 , Accordingly S1 is sent again 
also by transmitter TX2 to RX1 ; RX1 restores the oper- 
ational output power of the transmitter TX 1 that goes on 
sending the signal S1 . It should be noted that, when tho 
receiver RX1 receives the signal St, the restart of TX1 
can occur at onco since tho connection is guaranteed. 
[0019] An Identical approach can be applied to the 
case of a double break tn the cable, namely, a break in 
both directions (Fig. 4). 

[0020] In the case where a double cable break at the 
points A and B of Fig. 4 occurs, the consequent Loss of 
Continuity of the Optical Transmission Section (los9 of 
30 payload (main signal) and loss of OSC) alarm is detect- 
ed at both receivers RX1 and RX2. According to tho re- 
ception of such alarms, the main output power is re- 
duced and a signal S2 is sent by transmitters TX2 and 
TX1 through the OSC channel, which signal S2 replaces 
35 si. 

[0021] Once the connection In the OTS section has 
been repaired at a first point (A), the receiver RX2 will 
no longer receive tho Loss of Continuity of the Optical 
Transmission Section alarm but it will detect the signal 
» S2. As a result of the connection restored A, the signal 
S1 is sent by the transmitter TX2 towards RXl . 
[0022] Onco the connection in the OTS has been re- 
paired also at the second point (B), the receiver RX1 wifl 
no longer receive the alarm of Loss of Continuity of the 
'J Optical Transmission Soction but it will only detoct the 
signal S1 . Since RX1 roce ives S1 from TX2, It Is certain 
that the connection has boon completer/ restorod and 
it in turn restores the output power of the transmitter TX1 
by sending the signal S1 . 
0 [0023] tt Is apparent that the solution described above 
allows the optical power within the OTS to have the op- 
erational value during the restore action. Nonetheless 
the optical system is provided with the same safenesa. 
[0024] The advantage of the solution is that, using tho 
* Automatic Power Redudion, the System is able to op- 
erate at the Hazard Level 1 , hence In unrestricted loca- 
tions, Independently of the transmitted optical power 
level. 
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[0025J Naturally, the invention also extends to a com- 
puter program comprising computer program code 
moans adapted to perform alt the steps of the method 
when said program ts run on a computer, as well as com- 
puter readable medium having a computer program re- 
corded therein, said computer readable medium com- 
prising computer program code means adapted to per- 
form all the steps of the method when said program is 
run on a computer. 

[0028] It Is apparent that many modifications and var- 
iants could be Imparted to the method according to the 
present invention without departing from the scope de- 
fined by the following claims. 



Claims 

1. Method for the safe automatic restart of optical 
transmitters (TX1 , TX2) m a fiber optic telecommu- 
nication system, said system comprising optical so 6. Method according to claim 1 or 2, characterized in 
connections, characterized by comprising the steps that, in the event where a break has occurred at a 
of monitoring the status of the syetom connections first point (A) between the first transmitter (TX 1 ) and 
through an out-of-band signaling channel, in partic- the receiver (RX2) adjacent thereto and at a socond 
ular an optical Supervisory Channel (OSC), through point (B) between the second transmitter (TX2) and 
the sending and tho reception of signals (St , S2); & the receiver (RXt ) adjacent thereto, and the main 
and restarting the optical transmitters only after re- power of the transmitters (TX1 , TX2) has been duly 
ceiving the confirmation (S 1 ) mat the optical trans- reduced, both transmitters (TX1 , TX2), will send the 
mission medium has no breaks, second signal (S2) through tho out-of-band signal- 
ing channel (OSC) towards the respective adjacent 

2. Method according to claim 1, characterized In that, so, receivers (RX2, RX1); 
In tho absence of breaks, the first transmitter {TX1) 

sends through tho out-of-band signaling channel 7. Method according to claim 6, characterized, in that 

(OSC) a first signal (St) that is duly received by tho once the connection has been repaired at the first 

receiver (RX2) adjacent thereto whtch communl- point (A), the second transmitter (TX2) sends the 

cates the information to the second transmitter 33 first signal (S1) through tho out-of-band signaling 

(TX2) that similarly sends tho same signal (S1 ) to channel (OSC) towards the receiver (RX1 ) adjacent 

tho adjacent roceiver through the out-of-band sign- thereto, 
eling channel (OSC) in such a way that tho first 

transmitter keeps Itseff switched on and goes on S. Method according to claim 7, characterized In that 

sending the first signal (S1 ) regularly, 40 once the connection has been repaired at tho sec- 
ond point (8). the receiver (RX1) accent to tho 

3. Method according to daim 1 or 2, characterized in second transmitter (TX2) receives the first signal 
that, in tho event where a break has occurred at a (SI) through the out-of-band signaling channel 
first point (A) between the first transmitter (TX1) and (OSC) and causes the first transmitter (TX1 ) to re- 
tho roceiver (RX2) adjacent thereto and the main store the output power. 

power of the transmitters has boon duly reduced, 

the first transmitter (TXt ) will gD on sending the first 9. Computer program comprising computer program 

signal (S1) through the out -of-band signaOng Chan- code means adapted to perform ail the- steps of 

nel (OSC) towards the adjacent receiver (RX2). claims 1 -8 when safd program Is run on a computer. 

so 

4. Method according to claim 3, characterized In that 10. Computorroadablemediumhavingacomputorpro- 
said receivor (RX2) adjacent to the first transmitter gram recorded therein, said computer readable mo- 
(TX1) wit! detect a loss of continuity but v/ill not re- tfium comprising computer program code means 
ceive the signal (SI) sent it by the first transmitter adapted to perform all tho steps of claims 1-8 when 
(TX1) through the out-of-band signaling channel ss said program Is run on a computer. 

(OSC) and therefore it will cause the socond trans- 
mitter (7X2) to send, through the out-of-band sign- 
aling channel (OSC), a second signal (S2); the re- 



ceiver (RX1 ) adjacent to the second transmitter will 
detect a loss of continuity, it will receive tho second 
signal (S2) and correspondingly inform the first 
transmitter which will merely send the first signal 
5 (S1)only. 

5. Method according to claim 4, characterized In that 
once the receiver (RX2) adjacent to the first trans- 
mitter (TX1) receives the first signal (S1) from tho 
to out-of-band signaling channel (OSC) It will bo sure 
that the connection has been restored and corre- 
spondingly it will cause the second transmitter 
(TX2) to restore the main output power and 
resumes transmitting the first signal (Si) Instead of 
* the second one (S2> over tho out-of-band signaling " 
channel (OSC), said first signal reaching the first 
transmitter (TX1) which also automatical^ restores 
the main output power. 
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